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We have assessed the hydrolysis of a-tocopherol acetate
(a-TAc) to the active antioxidant a-tocopherol (a-TH)
in mouse epidermis and in supernatant from epidermal
homogenates. Topically administered a-TH prevents
UVB photocarcinogenesis in C3H mice, whereas a-TAc
does not. Hydrolysis in skin was monitored in mice
treated topically with deuterium labeled a-TAc (d3-a-
TAc). Epidermal samples were isolated from mice and
analyzed for endogenous (d0-a-TAc) and d3-a-TH by
gas chromatography-mass spectrometry. Within 24 h,
the levels of d3-a-TH increased up to 10-fold over
endogenous d0-a-TH levels; however, in mice irradiated
with UVB prior to the application of d3-a-TAc, levels of
d3-a-TH increased up to 30–40-fold over endogenous
d0-a-TH. This enhancement of a-TAc hydrolysis
increased with increasing UVB dose. Prior UVB expo-
UVB exposure appears to be a major cause of non-melanoma skin cancers in humans (Leigh et al, 1996;Armstrong and Kricker, 1996). Recent strategies toprevent UVB photocarcinogenesis include inhibitionof photodamage with sun screens and suppression of
oxidative damage with antioxidants. Topically applied α-tocopherol
(α-TH; UVmax 292 nm) can inhibit UVB induced photocarcino-
genesis and immunosupppression in mice (Bissett et al, 1990; Gensler
and Magdaleno, 1991). We have recently shown that the antioxidant
α-TH (vitamin E) can inhibit UVB-induced lipid peroxidation in vitro
(Kramer and Liebler, 1997) and can also inhibit UVB induced formation
of thymine dimers (Mc Vean and Liebler, 1997). Both actions may
contribute to the prevention of photocarcinogenesis.
Results such as these have prompted the addition of vitamin E to
skin lotions and sun screens; however, the form of vitamin E most
commonly added to these products is the vitamin E ester α-tocopherol
acetate (α-TAc, UVmax 286 nm). α-TAc is inactive as an antioxidant
and requires enzymatic hydrolysis to produce the active antioxidant
α-TH. α-TAc taken orally is quantitatively hydrolyzed to α-TH in
the gut (Mathias et al, 1981; Burton et al, 1988); however, the degree
to which α-TAc is hydrolyzed to the active antioxidant α-TH in the
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sure may increase hydrolysis of a-TAc by increasing
epidermal esterase activity. Nonspecific esterase activity
was measured in the 2000 3 g supernatant from epidermis
of unirradiated and irradiated mice. a-Napthyl acetate,
a nonspecific esterase substrate, was converted to a-
napthol in supernatants from unirradiated mice. Hydro-
lysis to a-napthol increased µ3-fold in supernatants from
irradiated mice. Hydrolysis of a-TAc to a-TH also
occurred in supernatant from unirradiated mice, and
this hydrolysis increased µ3-fold in supernatant from
irradiated animals. These data indicate that nonspecific
esterase activity was increased by UVB in the skin, that
a-TAc is converted to a-TH in the homogenate fraction
containing nonspecific esterase, and that UVB exposure
modulates the metabolism of a-TAc to a-TH in vivo.
Key words: esterase/UVB/vitamin E. J Invest Dermatol
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skin is not clear. It thus becomes important to determine to what
extent α-TAc is converted to the more effective photoprotectant and
antioxidant α-TH.
It has been suggested that hydrolysis of topically applied α-TAc to
α-TH does not occur in humans during chronic α-TAc applications
(Alberts et al, 1996), whereas hydrolysis of topically applied α-TAc to
α-TH in mice has been inferred from measured increases in total
epidermal α-TH (Norkus et al, 1992). In such studies where only the
level of epidermal α-TH is measured, it is not possible to determine
directly whether α-TAc hydrolysis occurred or the extent to which
diet derived α-TH and topically applied α-TAc hydrolysis contributed
to measured α-TH levels.
We have developed a sensitive gas chromatography-mass spectro-
metry (GC-MS) assay that distinguishes between endogenous α-TH
and deuterium labeled α-TH resulting from hydrolysis of topically
applied deuterated α-TAc (d3-α-TAc, Fig 1) in mouse epidermis. α-
TAc was hydrolyzed in mouse epidermis and UVB treatment enhanced
hydrolysis, which could enhance the ability of topical α-TAc to confer
protection against UVB induced oxidative damage. This increase in
hydrolysis may be due to increases in esterase activity in the epidermis
as a result of UVB treatment.
MATERIALS AND METHODS
Materials d3-α-TAc was a gift from The Natural Source Vitamin E Association
(Kingsport, TN). d3- and d6-α-TH were synthesized from d3-α-TAc (Liebler
et al, 1996). Vanicream was purchased from Pharmaceutical Specialties
(Rochester, MN). Westinghouse FS-20 UVB lamps were purchased from
National Biological (Twinsburg, OH). According to the manufacturer, µ85%
of the lamp output was in the UVB (290–320), less than 1% in the UVC
(, 290 nm), 4% in the UVA (320–400 nm), and the remainder was in the
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Figure 1. Structures of a-TH, a-TAc, d3-a-TH, d3-a-TAc, a-NA, and
a-NOH.
visible spectrum. A UVX digital radiometer with a UVX-31 sensor (peak
measurement at 313 nm) was purchased from Ultraviolet Products (San Gabriel,
CA). An Optronics Model 730 radiometer (Optronics Laboratories, Orlando,
FL) was graciously loaned by Dr. Ronald Ley of the University of New Mexico.
Other reagents were obtained commercially from standard sources and used
without purification.
Rationale for choice of species and UVB exposure Female C3H/HeN
Tac (H-2k, MTV-) mice (Taconic, Germantown, NY), 7–10 wk old, were
used in all experiments. Mice were fed a synthetic diet (AIN 76) containing
all-racemic d,l-α-TAc. The dorsal skin of the mice was shaved before irradiation.
A bank of eight parallel FS-20 lamps (four fixtures, two lamps per fixture) were
used for irradiation. Mice were placed in a uniform field of radiation, four per
cage, 26 cm from the lamps. Cages contained plexiglass dividers to prevent
interaction of mice during irradiation. Wire mesh covered the cage to prevent
escape of animals during irradiation. The dose rate for UVB exposure (measured
inside the cage with dividers and mesh in place) was 3.6–3.7 J per m2 per s for
a period not exceeding 120 min. UVB dose rates were measured with a UVX
radiometer with a recently calibrated UVX-31 sensor, and an optronics
radiometer with a recently calibrated sensor. The dose chosen was similar to
that used in UVB carcinogenesis studies (Gensler and Magdaleno, 1991).
Hydrolysis of d3-a-TAc to d3-a-TH in mouse skin d3-α-TAc in
Vanicream (an inert cream) was applied to the shaved dorsal skin (50 mg of a
5.0% cream, 5.3 µmol d3-α-TAc) of each mouse. Mice then were sacrificed
at 1, 3, 6, 24, or 48 h post-treatment. Residual dorsal hair was removed by a
2 min application of Nair with baby oil (Carter Products, New York, NY),
which contains neither α-TH nor α-TAc. Butylated hydroxytoluene (20 µmol)
was then swabbed onto the exposed skin to protect against oxidation during
work-up. The dorsal skin was removed and epidermis was isolated using a heat
treatment method (Thompson and Slaga, 1976). Briefly, epidermis was placed
in 50–52°C water for 15–20 s followed by 90 s in ice water. The epidermis
was then scraped off using a razor blade and weighed. The tissue was incubated
with 500 µl 0.25% trypsin-ethylenediamine tetraacetic acid (Sigma, St. Louis,
MO), followed by 10 µmol sodium dodecyl sulfate and 2 ml ethanol. α-TH
and its oxidation products were then extracted with 3 3 2 ml of hexane after
adding deuterium labeled (d6)-α-TH (100 pmol) as an internal standard. The
hexane extract was evaporated under N2 and samples were then converted to
O-TMS derivatives with 90 µl N,O-bis(trimethylsilyl)trifluoroacetamide and
10 µl trichloromethylsilane in 100 µl dimethylformamide at 25°C for 2 h.
α-TH content of individual samples was then assayed by GC-MS with
selected ion monitoring at m/z 503 (d0-α-TH), m/z 506 (d3-α-TH), and
m/z 509 (d6-α-TH). The sensitivity and resolution of the mass spectrometer
were sufficient to distinguish and measure d0-α-TH, d3-α-TH, and d6-α-TH
at levels as low as 25 fmol (Liebler et al, 1996). The peak area ratios of d3-α-
TH/d6-α-TH or d0-α-TH/d6-α-TH for individual samples were determined
and compared with standard values to determine epidermal contents of α-TH
isotopomers.
Hydrolysis of d3-a-TAc to d3-a-TH in UVB irradiated mouse skin
Effect of single-dose UVB on hydrolysis of d3-α-TAc
Shaved mice were irradiated for 60 min with UVB for a total dose of 13 kJ per
m2. Mice were then treated with d3-α-TAc [5.3 µmol in 50 mg Vanicream or
in 50 µl dimethylsulfoxide (DMSO)]. Mice were sacrificed by asphyxiation
with CO2 at 1, 3, 6, 24, or 48 h post-irradiation. Epidermis was isolated and
d0- or d3-α-TH were analyzed by GC-MS as described above. Alternatively,
d3-α-TAc was applied 15 min before UVB irradiation and epidermal samples
were isolated and analyzed as described above.
Dose–response of UVB: effect on d3-α-TAc hydrolysis
A dose–response relationship for UVB exposure and d3-α-TAc hydrolysis was
also determined. Mice were shaved and exposed to UVB for either 60, 90, or
120 min (13, 19.5, or 26 kJ per m2, respectively) in a single dose or in multiple
30 min per d doses (i.e., 30 min UVB per d for 2, 3, or 4 d). After the last
UVB dose, the mice were treated with 5.3 µmol d3-α-TAc in Vanicream and
were sacrificed 24 h later. Epidermis was isolated and d0- and d3-α-TH were
analyzed by GC-MS as described above.
Hydrolysis of d3-α-TAc to d3-α-TH at the epidermal surface
d3-α-TAc (5.3 µmol in 50 mg Vanicream) was applied to the shaved dorsal
skin of mice. Mice then were sacrificed at 90 min post-treatment. Alternatively,
shaved mice were treated with UVB for 60 min (13 kJ per m2), then treated
with d3-α-TAc and sacrificed 90 min later. The dorsal skin of both irradiated
and unirradiated mice was then swabbed (10 strokes) with an alcohol wipe
(Kendall, Mansfield, MA) to remove any Vanicream or vitamin E products on
the surface of the skin. Epidermis was also isolated and analyzed for d3- and
d0-α-TH by GC-MS as described previously. The alcohol wipe was soaked in
2 ml ethanol and 2 ml hexane containing 10 µmol sodium dodecyl sulfate and
20 µmol butylated hydroxytoluene for 1 h. The d6-α-TH internal standard
(100 pmol) was added, the alcohol wipe was removed, and the sample was
extracted twice with additional 2 ml portions of hexane. Samples were
derivatized as described above and analyzed for d3- and d0-α-TH by GC-MS.
Determination of nonspecific esterase (NSE) activity in the epidermis
Isolation of supernatant from skin homogenate
Epidermal homogenates were prepared from irradiated and unirradiated mice.
Irradiated mice were treated with UVB for 60 min (13 kJ per m2). All mice
were sacrificed by CO2 inhalation and epidermis was isolated by the heat-
treatment method as described above. The epidermis was then powdered in a
stainless steel mortar and pestle cooled with liquid N2 and then resuspended in
3 or 6 ml 0.1 M sodium phosphate buffer (pH 8.0). To each 3 ml of sample,
50 µl 10% Triton-X was added, and the samples were allowed to sit for 15 min
on ice after being submitted to 2–5 s of probe sonication. The homogenates
were then centrifuged at 2000 3 g for 10 min and the epidermal supernatant
was decanted and kept on ice for up to 1 h before use (Henrikus and
Kampffmeyer, 1992).
Assay for α-napthyl acetate (α-NA) hydrolysis in epidermal supernatant
Hydrolysis of α-NA to α-napthol (α-NOH) was monitored in epidermal
supernatant from irradiated and unirradiated mice via the increase in absorbance
at 235 nm. A DU640B Spectrophotometer (Beckman Instruments, Fullerton,
CA) was used for all measurements. A 0.1–0.5 ml aliquot of the epidermal
supernatant was placed into a quartz cuvette and diluted to 1 ml with sodium
phosphate buffer (0.1 M pH 8.0). The supernatant was heated to 37°C over
15 min and the spectrophotometer was blanked against the heated supernatant.
Then 4 µl of a 50 mM solution of α-NA in ethylene glycol monomethyl ether
was added (Mastropaolo and Yourno, 1981). Absorbance at 235 nm was
measured at 2, 4, 6, 8, and 10 min. Nonenzymatic hydrolysis of α-NA and
increases in absorbance of the supernatant were also measured over this time,
and absorbance values were corrected for these effects.
Assay for d3-α-TAc hydrolysis in epidermal supernatant
Hydrolysis of d3-α-TAc was monitored in epidermal supernatants from UVB
irradiated and unirradiated mice. Using a method modified from Zahalka
et al, liposomes containing 0.4 µmol d3-α-TAc and 8 µmol di-Myristoyl
phosphatidylcholine were incubated with 3 ml of epidermal supernatant at
37°C for 120 min (Zahalka et al, 1987). Then 400 µl aliquots were taken from
the suspension at 30 min intervals starting at time zero. The samples were
incubated with sodium dodecyl sulfate and ethanol and then extracted and
analyzed for d0- and d3-α-TH by GC-MS as described above.
Statistical analysis Results were analyzed for statistical significance by
ANOVA. Treatment groups were compared with control (unirradiated) values.
RESULTS
Hydrolysis of d3-a-TAc to d3-a-TH in mouse skin d3-α-TH
was detected in mouse epidermis at 1 (not shown), 3, 6, 24, and 48 h
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Figure 2. Ester hydrolysis in mouse epidermis. (a) Hydrolysis of d3-α-
TAc to d3-α-TH in unirradiated mice treated with 5.3 µmol d3-α-TAc in
Vanicream. (b) Hydrolysis of d3-α-TAc to d3-α-TH in mice treated with
5.3 µmol d3-α-TAc after a 1 h UVB treatment (13 kJ per m2). (c) Hydrolysis
of d3-α-TAc to d3-α-TH in mice treated with 5.3 µmol d3-α-TAc prior to
UVB treatment. Values are mean 6 SD. *p , 0.001 for significant difference
between irradiated and unirradiated mice; **p , 0.05 for significant difference
between mice irradiated before and after α-TAc treatment; ***measurements
not taken at these time points.
post-treatment with d3-α-TAc (Fig 2a). We observed up to a 10-fold
increase in total epidermal α-TH (d0-α-TH 1 d3-α-TH) at 24 and
48 h; however, this represented hydrolysis of less than 1% of the total
applied dose. When the mice were treated with 2.5–2.8 J per m2 per
s UVB for 1 h prior to treatment with d3-α-TAc, the levels of d3-α-
TH in the epidermis increased dramatically, reflecting up to a 40-fold
increase in total epidermal α-TH (Fig 2b). Again, this represented
hydrolysis of less than 1% of the applied dose. Application of the d3-
α-TAc prior to the UVB treatment eliminated the potentiation of
hydrolysis of d3-α-TAc to d3-α-TH (Fig 2c).
To investigate the relationship between UVB dose and ester hydro-
lysis, we irradiated mice for 60, 90, or 120 min at the dose rate used
for the previous studies. The d3-α-TAc was applied post-irradiation
and hydrolysis to d3-α-TH was measured 24 h later. Figure 3 illustrates
the dose–response relationship between UVB dose and levels of d3-α-
TH in the epidermis. Treatment of mice with UVB for either 60, 90,
or 120 min in divided 30 min irradiations over 2, 3, or 4 d potentiated
the UVB induced hydrolysis of d3-α-TAc to d3-α-TH (Fig 3).
To determine if the rate of absorption of the d3-α-TAc into the
skin had an effect on its hydrolysis, we applied d3-α-TAc to shaved
mouse skin in a DMSO vehicle, which has been used as a penetration
enhancer (Chandrasekaran and Shaw, 1978; Kurihara-Bergstrom et al,
1987; Sodicoff et al, 1990). In unirradiated mice treated with d3-α-
Figure 3. Dose–response for UVB treatment and ester hydrolysis. Mice
were irradiated with a single dose of UVB for either 60, 90, or 120 min (13,
19.5, or 26 kJ per m2, respectively) or multiple 30 min doses on consecutive
days, then treated with 5.3 µmol d3-α-TAc in Vanicream and sacrificed 24 h
later. Values are mean 6 SD.
Figure 4. Ester hydrolysis in mouse epidermis using DMSO as a vehicle.
Hydrolysis of 5.3 µmol d3-α-TAc applied in DMSO to d3-α-TH in unirradiated
mice and in mice treated with UVB for 1 h (13 kJ per m2). Mice were sacrificed
24 h after UVB treatment. Values are mean 6 SD.
TAc in DMSO, we found that hydrolysis was maximal at 3 h post-
treatment (Fig 4, black bars) as opposed to mice treated with d3-α-
TAc in Vanicream, where hydrolysis was not maximal until 24 h
(Fig 2a). This suggested that the rate of hydrolysis was limited in part
by absorption in mice treated with d3-α-TAc in Vanicream. It is
interesting to note that the maximal capacity of ester hydrolysis in the
unirradiated mice (µ80 pmol d3-α-TH per mg epidermis) was the
same in both systems, indicating that hydrolysis in unirradiated mice
may be a saturable phenomenon. In mice irradiated as above for 1 h
and treated with d3-α-TAc in DMSO, there was a time-dependent
increase in hydrolysis at 6 and 24 h post-treatment, similar to that seen
with d3-α-TAc administered in the Vanicream vehicle. This suggests
that absorption is not a limiting factor in the UVB-induced d3-α-TAc
hydrolysis. If mice were treated with a 10-fold greater dose of d3-α-
TAc (25 mg per mouse, Fig 5) there was a 4–6-fold increase in
d3-α-TH levels in unirradiated mice, but only a 2–3-fold increase in
d3-α-TH levels in irradiated mice compared with mice treated with
the lower dose of d3-α-TAc (Fig 2a, b). This again indicates that
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Figure 5. Ester hydrolysis in unirradiated and irradiated mice treated
with 25 mg d3-a-Tac per mouse. Irradiated mice were treated with UVB
for 1 h (13 kJ per m2). Mice were sacrificed 24 h after UVB treatment. Values
are mean 6 SD.
Figure 6. Ester hydrolysis at the skin surface in unirradiated and
irradiated mice. Hydrolysis of d3-α-TAc at the skin surface, and in the
epidermis of unirradiated mice and in mice irradiated with UVB for 1 h (13 kJ
per m2). Mice were sacrificed 90 min after UVB treatment. Values are mean
6 SD. *p , 0.05.
absorption may be limiting for hydrolysis in unirradiated animals, but
not for the induced hydrolysis in irradiated mice. This suggests either
that hydrolysis is occurring closer to the surface of the skin in irradiated
mice, or that UVB irradiation promotes absorption.
To address this point, d3-α-TH formation at the skin surface was
monitored. d3-α-TAc was applied to unirradiated or irradiated mice,
the mice were sacrificed 90 min later, and the skin surface was swabbed
with an alcohol wipe to remove any vitamin E on the surface of the
skin. The epidermis and the wipe were then assayed for levels of d3-
α-TH. There was more d3-α-TH in the extract from the skin wipe
than in the epidermis itself for both irradiated and unirradiated mice
(Fig 6). This suggests that the esterase activity at the surface of the
skin was capable of converting d3-α-TAc to d3-α-TH.
Hydrolysis of a-NA and d3-a-TAc in epidermal supernatants
The induction of hydrolysis in irradiated mice indicated that esterase
activity was increased in the epidermis. To further investigate this,
NSE activity was measured in the 2000 3 g supernatant of epidermal
homogenates by monitoring the hydrolysis of α-NA (Fig 1) to α-
Figure 7. Hydrolysis of a-NA in epidermal supernatants from irradiated
and unirradiated mice. Irradiated mice were sacrificed 24 h after a 1 h UVB
treatment (13 kJ per m2), following which epidermal supernatant was prepared.
Values are mean 6 SD. *Curves are significantly different (p , 0.05) beginning
at the 8 min time point.
Figure 8. Hydrolysis of d3-a-TAc in epidermal supernatants from
irradiated and unirradiated mice. Irradiated mice were sacrificed 24 h after
a 1 h UVB treatment (13 kJ per m2), following which epidermal supernatant
was prepared. Values are mean 6 SD. *Curves are significantly different
(p , 0.05) beginning at the 30 min time point.
NOH. α-NA was hydrolyzed to α-NOH in epidermal supernatants
at a rate of µ6 nmol per min per mg protein in the supernatants from
control mice and at µ20 nmol α-NOH per min per mg protein in
the supernatants from irradiated mice (Fig 7). These data indicate that
NSE activity was present in the epidermis and that activity was
increased in irradiated mice. d3-α-TAc was also hydrolyzed in epidermal
supernatants, but at a lower rate. d3-α-TH was formed at µ3 pmol per
min per mg protein, and in supernatant from irradiated animals at
µ8 pmol per min per mg protein (Fig 8). The increased rate of
α-TAc hydrolysis in UVB irradiated mice correlated with the effect
of UVB in vivo.
DISCUSSION
We have used a sensitive, selective, GC-MS method to show that
topically applied d3-α-TAc was converted to d3-α-TH in mouse skin.
Previous work has documented hydrolysis of α-TAc to α-TH (Norkus
et al, 1992); however, these previous studies utilized unlabeled α-TAc,
and hydrolysis was monitored by increases in total epidermal α-TH,
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which does not permit α-TH mobilized from other tissue sources to
be distinguished from hydrolysis of topically applied α-TAc. The
method used here permits unambiguous characterization of the contri-
bution of topically applied α-TAc to total epidermal α-TH content.
We observed a modest hydrolysis of d3-α-TAc to d3-α-TH in
unirradiated animals, reflecting up to a 10-fold increase in total
epidermal α-TH (Fig 2a). Interestingly, pretreatment of the mice with
UVB caused an even greater degree of hydrolysis. In some mice there
was a 40-fold increase in total epidermal α-TH at 48 h (Fig 2b). If
the skin was pretreated with d3-α-TAc before UVB exposure, the
UVB enhancement of α-TAc hydrolysis was abolished (Fig 2c). This
indicates an effect of UVB was the trigger for increased hydrolysis.
d3-α-TAc at the dose used in this study did not completely protect
the skin from photodamage. It has been shown in our laboratory that
this dose of α-TAc was able to reduce levels of UVB induced thymine
dimers by only 22% (Mc Vean and Liebler, 1997), so it is possible that
downstream effects of this lesion may be involved in the observed
increase in esterase activity. Other lesions may also be involved,
including oxidative lesions that affect signaling cascades. Changes in
the redox state in cells can activate certain transcription factors, which
may have effects on esterase expression. UVB is known to cause
increases in AP-1 and NF-κB activation, possibly by inducing signaling
pathways involving atypical PKC isoforms (Devary et al, 1991; Derijard
et al, 1991; Huang et al, 1996), yet it is unknown exactly how UVB
elicits these effects. Our studies suggest that oxidative damage per se
may not entirely account for increases in esterase activity. If an initial
oxidative lesion were the only trigger, induction of esterase activity
would be shut off when the oxidative insult was suppressed (i.e., when
α-TH levels are high). At 48 h after UVB treatment, however, when
there was a 40-fold increase in α-TH in the epidermis, there was
little to indicate that hydrolysis was returning to levels seen in
unirradiated mice.
Whatever was causing this effect was dependent on UVB dose and
also seemed to be inducible by multiple exposures of UVB. UVB
pretreatment given in divided 30 min doses caused a greater induction
of esterase activity than the equivalent single dose (Fig 3). This
indicated that a time-delayed inducible effect caused the increased
hydrolysis. In addition to transcriptional mechanisms, we thought
perhaps that UVB-induced inflammation had a role in UVB-induced
hydrolysis; however, when we treated UVB-irradiated epidermis with
indomethacin immediately post-UVB, we saw no attenuation of UVB-
induced hydrolysis of d3-α-TAc to d3-α-TH (not shown). In addition,
examination of hematoxylin and eosin stained sections of mouse skin
irradiated with a single dose of UVB before α-TAc treatment showed
no evidence of leukocyte infiltration or edema in the epidermis or
dermis up to 24 h post-irradiation (not shown).
Another interesting observation in these studies was the effect of
absorption on hydrolysis of d3-α-TAc to d3-α-TH. Hydrolysis in
unirradiated mice seemed to be dependent on the amount of d3-α-
TAc absorbed (at a maximum of µ80 pmol d3-α-TH per mg epidermis).
Hydrolysis was saturable, however, even over a short period of 24 h
(Figs 2a, 4) and increases in d3-α-TAc dose did not result in
corresponding increases in d3-α-TAc hydrolysis (Fig 5). Hydrolysis
in irradiated mice was time dependent, but apparently not limited by
absorption. Hydrolysis in mice treated with d3-α-TAc in DMSO
(Fig 4), which allows for more rapid absorption into the skin
(Chandrasekaran et al, 1978; Kurihara-Bergstrom et al, 1987; Sodicoff
et al, 1990), and in UVB-irradiated mice treated with the d3-α-TAc
in Vanicream (Fig 2b) was virtually identical over time. This suggests
that induction of hydrolysis occurs over time after UVB irradiation,
with substantial hydrolysis occurring even 48 h after the UVB dose.
When the surface of the skin was wiped 1 h after UVB dose and
d3-α-TAc application, much more d3-α-TH was found in the extract
from the wipe than in the extract from the epidermal tissue itself,
which suggested that there was increased esterase enzyme activity close
to the skin surface in UVB irradiated mice (Fig 6). d3-α-TAc in wipes
from unirradiated animals was not significantly different from the d3-
α-TAc in epidermis at 1 h after irradiation and d3-α-TAc treatment
(Fig 6). Some researchers have shown high carboxylesterase activity
in the subcutaneous fat and cutis of human skin, little in the dermis,
and high phospholipase A2 activity in the stratum corneum (Heymann
et al, 1994).
To confirm that NSE activity was increased in the mouse epidermis,
the hydrolysis of α-NA to α-NOH was monitored (Fig 7) in the
2000 3 g supernatant of epidermal homogenates as an indicator of
NSE activity. α-NA is hydrolyzed by multiple esterases and is a good
indicator of both carboxylesterase and cholinesterase activity (Robbi
and Beaufay, 1994). The 2000 3 g supernatant of skin homogenates has
been used previously in other laboratories (Henrikus and Kampffmeyer,
1992) to measure the hydrolysis of 4-nitrobenzoate esters. UVB caused
a significant increase in α-NOH formation in epidermal supernatants
(Fig 7), indicating an increase in NSE activity in the epidermis with
UVB treatment. Hydrolysis of d3-α-TAc also occurred in the epidermal
supernatants and hydrolysis was increased significantly in supernatants
from irradiated animals (Fig 8); however, the amount of α-NA
hydrolyzed was in the nmol–µmol range, whereas the amount of d3-
α-TAc hydrolyzed was in the pmol–nmol range. This may be due to
the fact that α-NA is hydrolyzed by multiple esterase enzymes, whereas
α-TAc either may be hydrolyzed by only a small subset of enzymes,
or may be merely a poor substrate of the α-NA esterases.
In studies employing topically applied α-TAc against UVB induced
tumorigenesis in BALB/C mice, no protection was seen, in contrast
to topically applied α-TH (Bissett et al, 1990; Gensler et al, 1996).
Perhaps the protection lent by the α-TH converted from α-TAc was
insufficient in these studies to prevent tumorigenesis, or perhaps
hydrolysis of α-TAc to α-TH is downregulated in these mice over
the time of the study (up to 27 wk) due to the large (25 vs 2.5 mg
per mouse in our studies) doses of α-TAc they received. In a separate
study performed in our laboratory, even a dose of 25 mg α-TAc
applied topically (essentially an oily film over the skin) did not
completely inhibit thymine dimer formation from a single UVB dose
(Mc Vean and Liebler, unpublished observation). Although topical
α-TAc causes a substantial increase in total epidermal α-TH, less than
1% of the dose is hydrolyzed. Topical α-TH delivers substantially
more α-TH to mouse skin than topical α-TAc. Recent studies in our
laboratory have shown that after a 3 h incubation with a topical dose
of α-TH (5.3 µmol), 6–7 nmol α-TH is measured in the epidermis
by GC-MS analysis, µ30 times more than is hydrolyzed from 5.3 µmol
α-TAc 90 min after UVB and µ50 times more than is hydrolyzed
in unirradiated animals (Fig 6) (Kramer-Stickland and Liebler,
unpublished results).
We have shown that α-TAc is hydrolyzed to the active anti-
oxidant α-TH in mouse skin, and that hydrolysis and NSE activity is
potentiated by UVB. α-TAc is able to absorb UVB radiation and
thus act as a photoprotectant, making it able to attenuate both
photodamage and oxidative damage caused by UVB (Kramer and
Liebler, 1997; Mc Vean and Liebler, 1997). Our data suggest that UVB
causes an increase in esterase enzyme activity, perhaps related to
increases in transcription (the ‘‘UVB response’’) (Devary et al, 1991;
Derijard et al, 1994) of esterase enzyme(s) in the epidermis. Further
work to characterize the mechanisms of this UV induction of esterase
activity and the identities of the α-TAc esterases is in progress in our
laboratory.
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ES06694. Thanks to Dr. Marianne Broome Powell and Dr. Ronald Ley for their
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REFERENCES
Alberts DS, Goldman R, Xu MJ, et al: Disposition and metabolism of topically administered
α-tocopherol acetate: A common ingredient of commercially available sun screens
and cosmetics. Nutr Cancer 26:193–201, 1996
Armstrong BK, Kricker A: Skin cancer: Epidemiology of sun exposure and skin cancer.
Cancer Surv 26:133–153, 1996
Bissett DL, Chatterjee R, Hannon DP: Photoprotective effect of superoxide-scavenging
antioxidants against ultraviolet radiation-induced chronic skin damage in the hairless
mouse. Photodermatol Photoimmunol Photomed 7:56–62, 1990
Burton GW, Ingold KU, Foster DO: Comparison of free α-tocopherol and α-tocopheryl
acetate as sources of vitamin E in rats and Humans. Lipids 23:834–840, 1988
VOL. 111, NO. 2 AUGUST 1998 HYDROLYSIS OF VITAMIN E ESTER 307
Chandrasekaran SK, Shaw JE: Factors influencing the percutaneous absorption of drugs.
Curr Prob Dermatol 7:142–155, 1978
Derijard B, Hibi M, Wu IH, et al: JNK1: a protein kinase stimulated by UV light and
Ha-ras that binds and phosphorylates the c-jun activation domain. Cell 76:1025–
1037, 1991
Devary Y, Gottlieb RA, Lau LF, Karin M: Rapid and preferential activation of the c-jun
gene during the mammalian UV response. Mol Cell Biol 11:2804–2811, 1991
Furstenberger G, Gross M, Marks F: Eicosanoids and multistage carcinogenesis in NMRI
mouse skin: role of prostaglandins E and F in hydrolysis and promotion. Carcinogenesis
10:91–96, 1989
Gensler HL, Magdaleno M: Topical vitamin E inhibition of immunosuppression and
tumorigenesis induced by ultraviolet irradiation. Nutr Cancer 15:97–106, 1991
Gensler HL, Aicken M, Peng YM, Xu M: Importance of the form of topical vitamin E
for prevention of photocarcinogenesis. Nutr Cancer 26:183–191, 1996
Henrikus BM, Kampffmeyer HG: Ester hydrolysis and conjugation reactions in intact skin
and skin homogenate, and by liver esterase of rabbits. Xenobiotica 22:1357–1366, 1992
Heymann E, Noetzel F, Retzlaff R, Schnetgoke G, Westie S: Hydrolysis of xenobiotic
fatty acid esters by carboxylesterases of human skin. In: Mackness MI, Clerc M
(eds). Esterases, Lipases, and Phospholipases. Plenum Press, New York, 1994, pp. 75–83
Huang C, Ma WY, Bowden GT, Dong Z: Ultraviolet-B induced activated protein-1
activation does not require epidermal growth factor receptor but is blocked by a
dominant negative PKC λ/ι*. J Biol Chem 271:31262–31268, 1996
Kramer KA, Liebler DC: UVB induced photooxidation of vitamin E. Chem Res Tox
10:219–224, 1997
Kurihara-Bergstrom T, Flynn GL, Higuchi WI: Physicochemical study of percutaneous
absorption enhancement by dimethyl sulfoxide: dimethyl sulfoxide mediation of
vidarabine (ara-A) permeation of hairless mouse skin. J Invest Dermatol 89:274–
280, 1987
Leigh I, Newton Bishop JA, Kripke M: Skin cancer: Introduction. Cancer Surv 26:1–6, 1996
Liebler DC, Burr JA, Phillips L, Ham AJ: Gas chromatography-mass spectrometry analysis
of vitamin E and its oxidation products. Anal Biochem 236:27–34, 1996
Mastropaolo W, Yourno J: An ultraviolet spectrophotometric assay for α-napthyl acetate
and α-napthyl butyrate esterases. Anal Biochem 115:188–193, 1981
Mathias PM, Harries JT, Peters TJ, Muller DPR: Studies on the in vivo absorption of
micellar solutions of tocopherol and tocopheryl acetate in the rat: demonstration
and partial characterization of a mucosal esterase localized to the endoplasmic
reticulum of the enterocyte. J Lipid Res 22:829–837, 1981
Mc Vean M, Liebler DC: Inhibition of UVB induced DNA damage in mouse epidermis
by topically applied α-TH. Carcinogenesis 18:1617–1622, 1997
Norkus EP, Bryce GF, Bhagavan HN: Uptake and biohydrolysis of α-tocopheryl acetate
to α-tocopherol in skin of hairless mice. Photochem Photobiol 57:613–615, 1992
Robbi M, Beaufay H: Liver carboxylesterases: topogenesis of intracellular and secreted
forms. In: Mackness MI, Clerc M (eds). Esterases, Lipases, and Phospholipases. Plenum
Press, New York, 1994, pp. 47–56
Sodicoff M, Lamperti A, Ziskin MC: Transdermal absorption of radioprotectors using
permeation-enhancing vehicles. Radiation Res 121:212–219, 1990
Thompson S, Slaga TJ: Mouse epidermal aryl hydrocarbon hydroxylase. J Invest Dermatol
66:108–111, 1976
Zahalka HA, Cheng SC, Burton GW, Ingold KU: Hydrolysis of stereoisomeric α-
tocopheryl acetates catalyzed by bovine cholesterol esterase. Biochim Biophys Acta
921:481–485, 1987
